usage of small cells increases the complexity of the network and subsequently its frequency and capacity planning.
An important part in frequency and capacity planning is the accurate estimation of the radio power distribution and interference levels between reused channels. For this purpose propagation models must be used. In the past statistical-empirical models have been developed for use in the planning of 'large' cells (eg. diameter > 3km). These models can successfully predict the statistical distribution of signal levels within gridareas with resolution of about 500 x 500 m2. These models perform well as long as the base station antenna is placed well above the rooftop of buildings, which is the case when using 'large' cells.
The reason for the success of such models is not wholly known. This success probably stems partly from the fact that the propagation over larger distances from the base station, involves a process of statistical averaging of the propagation effects of random objects.
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Also, the large size of grid areas used by the planner means that only the number of occurrence and magnitude of specific propagation effects (eg. shadowing) need to be predicted and not the exact locations, within such area, where these effects take place.
Unfortunately such statistical-empirical models are inadequate for use in the planning of small cells. In the first place the usage of small base station height in small cells implies that some modes of propagation (such as diffraction round comers of building) which in the case of high base station antenna give only a secondary contribution to the received power, may now be the prime mechanism by which power is transferred from transmitter to receiver. In the second place because the cells are small the planner must use grid area of very high resolution (probably some 25 x 25 m' ). This negates the use of statistical models since the power associated with each such area is mostly produced by a few dominant propagation modes (out of a large number of possible modes). The received power can therefore only be determined accurately in a deterministic way. the bending of electromagnetic (EM) waves around edges. In these high-frequency theories, the EM wave is assumed to travel in space along straight lines which are called rays. Hence, the medium in the urban environment is assumed to be homogeneous.
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The major difference between both models is the number of steps to take before obtaining a field strength prediction. Instead of tracing the rays and calculating the field strength in one step, these features are separated (Figure 1 ). The first step is the selection of the buildings. It is obvious that the number of buildings considered determines the total calculation time. In our case we manually select the buildings in the vicinity of the transmitter and receiver. Furthermore, the new model considers only three types of buildings: buildings with three and four comers and a finite width screen. The rooftops of the buildings are considered to be flat. The vertical sides of these objects are perpendicular to the earth's surfaces. This constraint gives considerable more computational efficiency.
The second step is finding the paths from the transmitter to the mobile. Since these waves propagate along straight lines and we use simple shaped buildings, it becomes very easy to find diffraction and reflection points. Originally, the model FiPre was developed for land mobile satellite services (LMSS). The new model must be applied in a microcellular communication system such as GSM. Figure 2 shows the major difference between both applications.
Obviously, in most cases the edges and surfaces of the buildings in the vicinity of the mobile can be seen by the satellite due to the relatively large elevation angle. As Figure 2 clearly shows, this is not the case for Therefore, the ray tracing procedure must be extended.
The following classes of contributions are defined (see Figure 3 ).
1 The direct wave of order ko, where k is the free space wavenumber;
2 The diffracted wave of order L'". The ray tracer is able to locate possible combinations up to three edges; 3 The reflected wave of order ko. The ray tracer is able to locate possible combinations up to three surfaces; 4 Combination of a reflected wave and diffracted wave. The ray tracer is able to locate possible combinations up to three surfaces/edges.
Before the ray tracer can actually be invoked some input data has to be defined. which contains all possible paths from the source to the observer point($. The third step towards a field strength prediction is the data postprocessing. In this step the file containing all the paths is translated into a field strength pattern along the trajectory. Figure 1 shows that besides field strength prediction, also time delay and delay-Doppler analysis can be performed. Since all paths are known, the excess path length and the direction of the arriving wave at the mobile, which are the necessary parameters for the aforementioned analysis, can easily be found. In this paper we only consider field strength data postprocessing. This postprocessing tool translates every path into a field strength using the formulas defined by GO and UTD. At the observation point the total electric field E O b " is given by
Obviously, the basis of the new model corresponds to FiPre. However, the new approach of producing a field strength prediction has some important advantages. First of all, for a particular configuration of buildings the ray tracing only needs to be performed once. With the path data fde all kinds of analysis can be performed: the analysis regarding different materials of buildings or different frequencies for example. Furthermore, the analysis of the mechanism scamring, which is not (yet) implemented, can also be performed afterwards. Scattering objects, such as trees and fences, can be positioned in the configuration. If one of the paths intersects with these objects an additional attenuation can be inserted.
Besides postprocessing of the' path datafile, also preprocessing the input building file has been applied. Since multiple diffractioMreflection contributions are taken into account, the number of possible combinations grows exponentially. Using prepracessing such as determining the edges or surfaces in sight of one another or in sight of the source, the number of combinations and hence the calculation time is limited.
Due to this preprocessing and using only the aforementioned restricted building input format, the new model is approximately a factor ten faster than FiPre. However, a disadvantage of the new approach is that large disk space is required to store the (preprocessed) data.
IV. COMPARISON OF SIMULATIONS WITH
MEASUREMENT RESULTS.
In Figure 4 a map is given of the area where the measurements have been performed. All coordinates are given in the Dutch "Rijksdriehcek Cartesian coordinate
where El is a wave arriving at the observation point.
Before this translation can be performed the following input data must be defined. The trajectory driven starts at the beginning of the "Louise-Henriettestraat" and after turning right the "Marijkestraat" is entered. In Figures 5 and 7 We have used two different receiving antennas, which were both mounted on top of the van at a height of approximately 2.5 metres. The first antenna was a h/4-monopole with a gain of 2 dB. The second antenna we have used was a phased array, which is able to scan in twelve directions. Figure 5 shows the measurement results with the monopole as receiving antenna compared with simulations. We have considered the buildings between the trajectory driven and the transmitting antenna and the buildings within 50 metres apart from the trajectory.
All buildings are considered to be perfectly conducting.
The fast fading has been removed using a low pass filter [4] . It can be seen that a good agreement is found. However, there are some notable discrepancies. The first can be found at the start of trajectory where the simulation results are overestimated. This can be explained by the fact that the area north from the DC building is a parking area with many trees and obviously cars. In [5] is shown that these trees can have a significant influence on a propagating EM wave. The second difference occurs in the part from 110 to 130 metres. In this case we have received more power than the simulation results predict. From the simulation we have found that the received power in this area consists mainly of double diffraction contributions (see Figure 8 at distance 125 metres). The last major discrepancy lies in the region from 200 to 275 metres where again the simulation overestimates the received power. The reason for this is that surfaces of the buildings are clearly not smooth. According to the simulation results the received power in this area comes from combinations of reflecting and diffracting waves. Obviously the reflection mechanism is not sufficient well modelled. Figure 7 shows the monopole measurement results compared with the phased array measurement results. As already mentioned, the phased array antenna is capable of scanning in twelve directions. Hence, each beamwidth is equal to 30 degrees. The gain of this antenna is approximately 6 dB. The zero degrees direction of this antenna is defined as the direction the car is driving. When looking on top of the phased array antenna the other scan directions are clockwise oriented as can be seen in Figure 6 . Hence, considering contributions arriving at the right hand side of the mobile, the 90 degrees position must be used to receive them.
In Figure 7 can be Seen that the received power with the phased array switched on the 60 degrees direction, follows the monopole measurement in several parts of the trajectory. This is rather obvious since in these areas there is a line of sight (LOS) metres we see that most of the received power comes from behind of the car. In the simulation results however, these rays cannot be found. Note that this part lies in the deepest shadow of the DC building. Hence, the received power from 180 degrees must be due to other propagation phenomena (e.g. scattering or transmission through buildings).
In Figure 8 the relative magnitude (normalized to the strongest contribution) and the direction of individual rays can be found at several positions of the mobile on the Louise-Henriettestraat. Note that the relative magnitude is on a linear scale. The distances 50, 100, 125, and 175 metres refer to the marks on the trajectory in Figure 4 . At distance 50 metres we see that most of the power comes from directions 30 and 60 degrees. According to the simulation these contributions are due to diffraction. At distance 100 metres the LOS is clearly visible. The next subplot represents the received power when just entering in the shadow region of the DC building. We see that most of the power comes from the north side of the DC building, what agrees with the results obtained from the ray tracer. The last picture shows clearly that the total received power at that specific position is due to multipath propagation. V. CONCLUSIONS.
In this paper the major features of the prediction tool developed for the simulation of the most significant parameters of a microcellular communication channel have been presented and discussed. The new tool holds the same features as FiPre, but is much faster and can be applied in LMS Services as well as in a microcellular environment. Furthermore, the new approach in determining a field strength prediction offers some advantages to analyse various phenomena. A disadvantage of the new approach is that there is trade-off between speed and disk space. More speed in determining the field strength requires more disk space. The comparison of the measurement results with the simulations has shown that a good agreement was found. However, more effort must be spent in the scattering phenomena of trees and buildings. Hence, this will result in a deterministic model containing several statistical properties to model these phenomena. Using the sectorial antenna for verification of the direction and relative magnitude of the arriving waves has shown interesting results. These results has also shown that such measurement equipment is very important for the verification of a deterministic model.
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